M. pulmonis is known to play a major etiological role in murine respiratory diseases in long-term rodent studies [3] . In addition, this organism produces genital infections resulting in reduced birth rates [3] , and Cesarean derivation and barrier maintenance have little effect on prevention of in utero infection of M. pulmonis. A serological test is commercially used for diagnosis of M. pulmonis, however antigenic cross-reactivity between M. pulmonis and M. arthritidis interferes with interpretation of the serological test results. Accordingly, serological differentiation of M. pulmonis from M. arthritidis is needed because M. arthritidis is naturally non-pathogenic and does not interfere with laboratory rodent research, though it is arthritogenic in mice after intravenous inoculation [9] . Seoul, South Korea The objective of the present study was to develop a method of differential diagnosis of M. pulmonis and M. arthritidis.
M. pulmonis is known to play a major etiological role in murine respiratory diseases in long-term rodent studies [3] . In addition, this organism produces genital infections resulting in reduced birth rates [3] , and Cesarean derivation and barrier maintenance have little effect on prevention of in utero infection of M. pulmonis. A serological test is commercially used for diagnosis of M. pulmonis, however antigenic cross-reactivity between M. pulmonis and M. arthritidis interferes with interpretation of the serological test results. Accordingly, serological differentiation of M. pulmonis from M. arthritidis is needed because M. arthritidis is naturally non-pathogenic and does not interfere with laboratory rodent research, though it is arthritogenic in mice after intravenous inoculation [9] . The objective of the present study was to develop a method of differential diagnosis of M. pulmonis and M. arthritidis.
Thirty mice and rats showing dyspnea, chattering signs and seropositivity were collected from several conventional facilities. The serological test for M. pulmonis was performed using Murine Immunocomb™ (Charles River, U.S.A). The animals were euthanized by cervical dislocation, and the skin over the trachea was grasped with forceps and excised with scissors. By excising the sternohyoid muscle the trachea was exposed, washed with phosphate buffered saline (pH 7.2) and the tracheal fluid was collected. The tracheal wash was cultured on a PPLO agar plate supplemented with yeast extract (0.1 mg/ml), horse serum (20%), penicillin (3.5 mg/ml), and thallium acetate (0.5 g/ml) at 37°C for five days in anaerobic conditions [18] . For identification of M. pulmonis the isolates were examined for colonial morphology after Dienes stain by light microscopy.
M. arthritidis (ATCC 13988) was purchased from American Type Culture Collection (U.S.A.) and cultured on PPLO agar plates in the same manner as above.
From each culture of M. pulmonis or M. arthritidis, 10 ml was centrifuged at 14,000 rpm for 5 min and the pellet was suspended in lysis buffer (10 mM Tris-HCl, 150 mM NaCl, 2 mM EDTA, 0.5% w/v SDS, pH 8.0, with 100 µg of proteinase K (Promega, USA)). The lysates were incubated at 55°C overnight. DNA was extracted with phenol-chloroform and precipitated in isopropanol with 50 µg of 3 M sodium acetate (pH 5.2), washed twice with 70% ethanol and finally resuspended in Tris-EDTA buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0).
The PCR amplification was made with either M. pulmonis specific primers: F; 5'-AGC GTT TGC TTC ACT TTG AA-3', R; 5'-GGG CAT TTC CTC CCT AAG CT-3' or M. arthritidis specific primers: F; 5'-CCT CAA AGC TCC ACT AGA GG-3', R; 5'-AGC ATT TCC TCA ACT AAG TG-3', using an AccuPower ® PCR PreMix kit (Bioneer, Daejeon, Korea). Initial denaturation was at 94°C for 3 min, followed by 40 cycles consisting of denaturation at 94°C for 1 min, annealing at 53°C for 1 min, and extension at 72°C for 2 min. After amplification using a PCR cycler (Px2 Thermal Cycler, Thermo Electron Co., USA), an additional extension was performed at 72°C for 7 min [4, 19] .
To obtain a Mycoplasma genus-specific DNA sequence for RFLP, a genus-specific primer set was designed from the 16S rRNA sequence [19, 4] . The sequence of the forward primer was, 5'-ACT CCT ACG GGA GGC AGC AGT A-3', while that of the reverse primer was, 5'-TGC ACC ATC TGT CAC CCT GTT AAC CTC-3'. PCR conditions were the same as those described above. The PCR products were detected by electrophoresis of the reaction solution (9 µl) on a 1.5% agarose gel, followed by staining with ethidium bromide. The bands of the PCR products were visualized on a UV transilluminator.
DNAs amplified with the genus-specific primer set were used for RFLP. Restriction enzyme sites were selected according to previously published nucleotide sequences of each 16S rRNA as well as results from an online restriction mapping software (WebCutter) [19] . To a mixture of 3 µl of reaction buffer (1:10), 1 µl of Sma I (10 U/µl; Roche Applied Science, Penzberg, Germany), 6 µl of distilled water, and 20 µl of each DNA sample (0.05 µg/µl) was added. After incubation at 37°C for 5 h, RFLPs were analyzed by electrophoresis as described above.
Four M. pulmonis isolates were obtained from the mice and rats examined. The colonies of the isolates showed a typical 'fried egg' appearance and stained blue with Diense solution. From the DNA extracts of the four isolates a PCR product of 266 bp was obtained after amplification using the M. pulmonis specific primer set, but no products were obtained using the M. arthritidis specific primer set, which gave a PCR product of 256 bp only from the DNA extract of M. arthritidis (Fig. 1) .
On the other hand, a PCR product of 706 bp was obtained after PCR amplification using Mycoplasma genus-specific primers from the DNA extracts of all the four isolates as well as that of M. arthritidis. These PCR products were digested with SmaI, resulting in the RFLP patterns by electrophoresis. With SmaI (277 bp and 429bp) the DNA extracts from the four M. pulmonis isolates were digested into two fragments; but that of M. arthritidis was not (Fig. 2) . Mycoplasmal infection diagnosis is usually performed by serological determination or isolation of the organisms. However, serological procedures are often hampered by interspecies cross-reaction, while cultivation is time-consuming for some fastidious mycoplasmas [19] . In particular, antigenic cross-reactivity between M. pulmonis and M. arthritidis in mice has been demonstrated in the enzyme-linked immunosorbent assay (ELISA) [11, 16] . Differentiation between mycoplasma species is necessary because M. arthritidis is naturally non-pathogenic and does not interfere with laboratory rodent research, though it is arthritogenic in mice after intravenous inoculation. Biological tests, PCR using Mycoplasma pulmonis specific primers, and Southern hybridization using a Mycoplasma pulmonis specific probe have been proposed for mycoplasma' differentiation [7, 12, 14] .
In this study, we found a single SmaI site only in a 706 bp fragment of M. pulmonis and developed a method of differential diagnosis of M. pulmonis and M. arthritidis, using a Mycoplasma genus-specific sequence, by PCR followed by the digestion of the PCR products with the restriction enzyme SmaI. DNA extracts from M. pulmonis were digested with SmaI into two pieces, but those from M. arthritidis were not.
Species-specific primers and broad-range primers combined with RFLP have been shown to be useful for differential diagnosis of mycoplasma infections in other animals, such as cattle, swine, and poultry [1, 5, 6, 8, 10, 13, 15, 17, 20] . In rodent mycoplasmas, however, there has been no PCR-RFLP method for differential diagnosis [13] . Therefore, PCR-RFLP using SmaI is the first attempt at differential diagnosis of rodent mycoplasmal infection.
According to Kiss et al. [10] a species-specific primer pair is necessary for diagnosis of avian mycoplasmas, because generation of amplicons from the M. gallisepticum strains with the broad-range primer pair was impossible. However, amplicons were readily generated from both M. pulmonis and M. arthritidis with a broad-range primer pair and they fit in restriction enzyme cutting of DNA in the chromosome of M. pulmonis [2] .
Differential diagnosis using PCR-RFLP seems to be more accurate than specific PCR or Southern hybridization because both PCR and RFLP are used at the same time and it can serve as a simple and rapid technique to differentiate M. pulmonis infection from M. arthritidis infection in laboratory animals. 
